The species Streptococcus agalactiae (Group B Streptococcus) is one of the most prevalent causes of human perinatal diseases (Schrag et al. 2000) . Pregnant women can be infected with S. agalactiae in the vaginal and/or rectal area and this infection can result in septicaemia, corioamniotitis and endometriti. Furthermore, this bacterial infection can also result in miscarriage, stillbirth and newborn death. Among newborns, the microorganism is associated with early onset disease and late-onset disease.
Antibiotics are prescribed to treat infections and prevent early onset disease (CDC 2002) . Penicillin is predominantly used in both of these cases. Erythromycin and clindamycin are used in patients who are allergic to beta-lactams when the infections are not resistant to these drugs. Studies conducted in many countries, however, report that erythromycin and clindamycin resistance levels are higher than 10% (De Mouy et al. 2001 , Ferjani et al. 2006 . According to the international scientific literature, it has been reported that, in Brazil, there are strains that demonstrate sensitivity to penicillin, high resistance to tetracycline (above 75%) and variable resistance to erythromycin and clindamycin (Oliveira et al. 2005 , Palmeiro et al. 2010 . The erm genes are associated with a resistance to macrolides, lincosamides and streptogramin B-type antibiotics (MLS B phenotype). These genes may be expressed constitutively or their expression may be induced. The mef gene only confers resistance to macrolides (M phenotype) and lnuB only confers resistance to lincosamides (De Mouy et al. 2001 , Faccone et al. 2010 .
Currently, 10 S. agalactiae serotypes have been described (Ia, Ib, II-IX) (Slotved et al. 2007 ). In the Western hemisphere, the serotypes Ia, II, III and V are predominant (Tyrrell et al. 2000 , Zaleznik et al. 2000 , Gherardi et al. 2007 , Martins et al. 2007 , Mee-Marquet et al. 2009 ). Pulsed-field gel electrophoresis (PFGE) is the molecular typing method that has been used to evaluate the genetic diversity and clonal relatedness among S. agalactiae strains (Gherardi et al. 2007 , Martins et al. 2007 , Savoia et al. 2008 . In Brazil, a few research groups are dedicated to studying the clonal diversity of S. agalactiae, using serotyping and antimicrobial susceptibility testing. These data provide epidemiological findings and may be useful in formulating efficient prevention and treatment strategies. The aim of this paper is to characterise S. agalactiae strains, which were mainly isolated from asymptomatic carriers, regarding their genetic diversity, capsular types, antimicrobial susceptibility profile and resistance to erythromycin and clindamycin determinants.
SUBJECTS, MATERIALS AND METHODS
Bacterial strains -Sixty S. agalactiae strains collected from the vagina (asymptomatic pregnant woman, n = 51), urine (symptomatic adult, n = 3) and blood (symptomatic adult, n = 1) of patients from Naval hospital Marcílio Dias and from the oropharynx (n = 5) of asymptomatic soldiers from Rio de Janeiro (RJ) between February-October 2008 were analysed. One isolate from each subject was included in this study. The identification of the isolates was confirmed using a Streptococcal Grouping Kit (Oxoid, hampshire, UK). All of the strains were stored in Todd-hewitt broth (Oxoid) with glycerol at -80ºC.
Serotyping -The strains were serotyped by immunoprecipitation in agarose using antisera for type Ia, Ib and II-VIII antigens, which were prepared in rabbits using recognised type strains and Lancefield hot-acid extracts from test and type strains (Lancefield & Freimer 1966 , Benchetrit et al. 1982 .
Antimicrobial susceptibility testing -Susceptibility of the strains to penicillin, vancomycin, levofloxacin, clindamycin, chloramphenicol, erythromycin, rifampin and tetracycline (CECON, São Paulo, Brazil) was evaluated using the single-disk diffusion method and following the Clinical Laboratory Standards Institute guidelines (CLSI 2006) . The agar-dilution assay was used following the CLSI guidelines (CLSI 2006) to determine the minimum inhibitory concentration (MIC) for the strains resistant to erythromycin and/or clindamycin. The erythromycinclindamycin double-disk test was used to determine the constitutive MLS B (cMLS B ) resistance, the inducible MLS B (iMLS B ) resistance and the M resistance phenotype, as previously described (Seppälä et al. 1993) .
Polymerase chain reaction (PCR) for the detection of resistance to erythromycin and/or clindamycin genes -
The presence of the genes ermA, ermB, mefA/E and lnuB was detected in all erythromycin and/or clindamycin-resistant strains. DNA extraction was performed according to Sambrook et al. (1989) . The reactions were performed in a GeneAmp PCR System 2400 (Applied Biosystems) using primers and cycles that have been previously described (Bozdogan et al. 1999 , De Azavedo et al. 2001 . PCR-amplified products were run on agarose gels and stained with ethidium bromide. The 100-bp lambda ladder kit (Invitrogen) was used as a DNA size marker.
PFGE -PFGE was performed as previously described (Corrêa et al. 2009 ). The genomic DNA was digested with the SmaI restriction enzyme (Amersham Biosciences, UK) and electrophoresis was performed in a ChEF DR III system (Bio-Rad Laboratories, USA) using the following program: switch time 1-30 s during 23 h with a 120º angle at a temperature of 11.3ºC and a voltage gradient of 6 V/cm. The lambda ladder PFGE marker kit (New England Biolabs, USA) was used as a DNA size marker. The gels were stained with ethidium bromide and digitally photographed using a scanner Scorpion SCOR-14SOM (DNR Bioimaging System) under ultraviolet light. The images were analysed by the Gel ComparII ® software (Applied Maths, Belgium) and dendrograms of the genetic relationships among the strains were created.
The Dice coefficient (95%) and a 1% position tolerance were used to analyse the similarities in the band patterns among the electrophoretic profiles. The unweighted pair group method using the arithmetic average was used to cluster electrophoretic profiles into polymorphism patterns, also referred to as clusters. Briefly, electrophoretic profiles that showed 100% similarity were considered indistinguishable and profiles with similarities > 80% were considered clonally related (Singh et al. 2006) .
RESULTS
The following strains were distinguished using serotype classification: 20 (33.2%) serotype Ia, one (1.7%) serotype Ib, nine (15%) serotype II, three (5%) serotype III, one (1.7%) serotype IV, nine (15%) serotype V and one (1.7%) serotype VIII strains. Serotypes VI and VII were not found and 26.7% (16) of the strains were nontypable using this method (Figure) .
All of the isolates were susceptible to penicillin, vancomycin and levofloxacin. Resistance to clindamycin, chloramphenicol, erythromycin, rifampin and tetracycline was detected in 10 (16.7%), three (5%), eight (13.2%) and 49 (81.7%) strains, respectively (Figure) . Among the eight erythromycin resistant strains, seven were also resistant to clindamycin and had a cMLS B phenotype. The strain resistant to only erythromycin contained the mefA/E gene had an M phenotype and a MIC of 2 mg/L. Among the strains resistant to both antibiotics, ermA was detected in four (50%) strains, ermB was detected in two (25%) and only one of the ermA-positive strains also carried ermB. Two of these strains did not contain resistance genes and had a MIC of 1 mg/L to erythromycin and MICs of 8 mg/L and 16 mg/L to clindamycin. Three strains were resistant to only clindamycin (L phenotype) with MICs between 8-16 mg/L. The resistance genetic determinant, however, was not detected.
Fifty-six different PFGE electrophoretic profiles were identified among the 60 strains and 22 of these profiles were grouped into 11 polymorphism patterns. The predominant pattern, designated pattern 1, included four serotype Ia strains and one serotype V strain. All of these strains were vaginal isolates and were resistant to only tetracycline. Pattern 2 included two serotype Ia strains isolated from the vagina and one nontypable strain isolated from the oropharynx and all of these strains were resistant to tetracycline. Each of the other nine patterns contained only two strains. The isolates from the infectious sites (urine or blood) displayed unique electrophoretic profiles (Figure) .
DISCUSSION
Susceptibility to penicillin, vancomycin and levofloxacin in addition to a high level of resistance to tetracycline (81.7%) was observed in this study. These data are consistent with previously published data on S. agalactiae strains from human origins in other countries (De Mouy et al. 2001 , Ferjani et al. 2006 , Gherardi et al. 2007 , Savoia et al. 2008 , including Brazil (Duarte et al. 2005 , Oliveira et al. 2005 , Palmeiro et al. 2010 . Although strains resistant to penicillin and levofloxacin have been described, they remain rare (Kimura et al. 2008 , Llaneza et al. 2009 , Nakamura et al. 2011 ).
Resistance to clindamycin, erythromycin, chloramphenicol and rifampin was detected. Levels of resistance to macrolides and lincosamides lower than 9% have been previously described in Brazil (Duarte et al. 2005 , Oliveira et al. 2005 , Palmeiro et al. 2010 . A recent study from RJ reported erythromycin and clindamycin resistance in 14% and 5% of the strains studied, respectively (Nakamura et al. 2011) . Our results indicate that there is an increase in erythromycin resistance in RJ compared to other Brazilian studies. This increase, however, is not as high as the international data (Ferjani et al. 2006 , Gygax et al. 2007 ). In the present study, greater than 85% of the erythromycin resistant strains had the cMLS B phenotype. This finding suggests that this phenotype may be used to identify not only erythromycin resistant strains, but also clindamycin and streptogramins B resistant strains. Supporting this claim, Nakamura et al. (2011) described an inducible or constitutive MLS B phenotype in more than 75% of strains. All of the clindamycin and/or erythromycin resistant strains identified were isolated from pregnant women and the resistance of 14% (7 strains) of these strains to both antibiotics makes their use impractical.
The genes ermA, ermB and mefA/E were detected in only seven of the eight erythromycin and clindamycin resistant isolates. Therefore, it is possible that another gene is responsible for the phenotypic resistance observed in the remaining isolate. Betriu et al. (2003) reported that the most prevalent gene detected in the strains studied was ermB (70%) and that ermA and mefA/E were detected in 48% and 6% of strains, respectively. Other groups have reported similar data (Pinheiro et al. 2009 ). Consistent with this previous data, a correlation between resistance genes and the macrolide resistance phenotype was also observed in this study (Duarte et al. 2005 , Pinheiro et al. 2009 . In this study, we did not detect any relationship between the MICs and the erythromycin phenotype Genetic diversity and phenotypic characterization of S. agalactiae isolates. The vertical line shows the similarity cut-off. Pulsed-field gel electrophoresis (PFGE) profiles obtained, strain numbers, attributed PFGE identification, body site sample, serotypes, antimicrobial tests (Chl: chloramphenicol; Cli: clindamycin; Ery: erythromycin; Rif: rifampin; Tet: tetracycline), resistance gene, minimum inhibitory concentration (MIC) and resistance phenotype. cMLS B : constitutive macrolides, lincosamides and streptogramins B-type resistance; L: lincosamides resistance; M: macrolides resistance; NT: nontypable; R: resistant; S: sensitive. or genetic resistance determinant, which is inconsistent with previous observations (Mollerach et al. 2007 , Nakamura et al. 2011 . There was no relationship between the PFGE profiles of resistant erythromycin and/or resistant clindamycin strains.
Serotypes Ia, II, III and V represent approximately 80-90% of the isolates from clinical cases in the USA, Europe and Australia, whereas serotypes IV, VI, VII, VIII and IX are rare (Zeng et al. 2006 , Slotved et al. 2007 , Zhao et al. 2008 . In our study, we observed the serotypes Ia, II, III and V in 68.2% of all the tested strains. This finding is consistent with the previously reported data. Approximately 25% of our strains were nontypable. In previous studies, however, only 3-15% of the tested strains were described as nontypable (Tyrrell et al. 2000 , Zaleznik et al. 2000 . The use of molecular techniques may explain this discrepancy between the typing of our isolates and the isolates in previous studies. Serotypes Ia, II, III and V were also the most prevalent serotypes observed among the pregnant women in this study. In this study, more than 70% of these strains exhibited serotypes Ia, II, III or V. Based on this finding and previously published data, we suggest that the development of a vaccine for the most common serotypes found around the world (Ia, II, III and V) could be an effective treatment for Brazilian pregnant women. This type of vaccine could minimise the use of prophylactic antimicrobials during labour, which is used to prevent the early onset of the disease. It may also influence the occurrence of the late-onset disease, which is not affected by prophylaxis with antibiotics.
In the present study, we identified a strain of serotype VIII, which was isolated from a pregnant woman. This strain was resistant to clindamycin, erythromycin and tetracycline and carried the ermA gene. This isolate is the first serotype VIII strain reported in Brazil. We could not decipher a relationship between the serotypes and the collection sites or a relationship between the serotypes and PFGE profiles. Interestingly, only one erythromycin resistant strain was identified in the serotype Ia group, even though this serotype is the most prevalent. No relationship was found between the serological types and the PFGE profiles.
In this study, we observed a high genetic heterogeneity among the strains. Among the 60 tested strains, 56 electrophoretic profiles were identified and only 22 of these profiles could be clustered into polymorphism patterns. Previous studies have described a lower genetic heterogeneity among the S. agalactiae isolates from Brazil and other countries (Gherardi et al. 2007 , Martins et al. 2007 , Savoia et al. 2008 , Palmeiro et al. 2010 . Even though an epidemiological link between the strains isolated from the oropharynx could be made, such as soldiers working in the same quarters and easily transmitting samples orally, there was no genetic relationship observed between the strains of oropharynx analysed. Furthermore, even though an epidemiological link cannot be made between strains isolated from the vagina of pregnant women, a genetic relationship was detected between these strains. No relationship was found between serological types and PFGE profiles.
An investigation of the genetic diversity in S. agalactiae isolates enables us to accurately characterise the bacterial epidemiology. In this study, 85% of the isolates were collected from pregnant women. Therefore, our data on genetic diversity, serological typing and antimicrobial susceptibility profiling are extremely valuable considering that the early and the late-onset diseases often originate from vaginal maternal microbiota. Our data may be useful in developing preventative measures against these infections, especially the late-onset disease, which is not prevented by antimicrobial prophylaxis.
